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(57) ABSTRACT

A method of controlling power of the fuel cell vehicle
includes dividing an expected driving path of the fuel cell
vehicle into a plurality of sections and setting the plurality of
sections according to a gradient, and comparing whether a
predicted battery state of charge variation is within a battery
charging/discharging allowance range for each of the plural-
ity of divided sections The method further includes compar-
ing predicted power with a predetermined maximum allow-
ance power for each of the plurality of divided sections, and
setting the plurality of divided sections as a battery charging/
discharging prohibition section and a battery charging/dis-
charging allowance section in advance according to a result of
the comparison of the predicted battery state of charge varia-
tion and the predicted power.

7 Claims, 5 Drawing Sheets
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FIG.2
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FIG. 3
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1
METHOD AND SYSTEM FOR
CONTROLLING POWER OF FUEL CELL
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0029328 filed in the
Korean Intellectual Property Office on Mar. 19, 2013, the
entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a method and a system for
controlling power of a fuel cell vehicle, and more particularly,
to such a method and a system, which divide an expected
driving path of a vehicle according to a gradient into a plu-
rality of sections and set the divided sections as a battery
charging/discharging prohibition section and a battery charg-
ing/discharging allowance section in advance.

BACKGROUND

Demand of an environmentally-friendly vehicle has been
increased due to demand of improvement of vehicle fuel
efficiency of and reinforcement of exhaust gas regulations. In
general, fuel cells generate electrical energy through oxida-
tion-reduction reaction of hydrogen supplied from a hydro-
gen tank and oxygen supplied from external air.

A fuel cell vehicle is operated without using existing petro-
leum resources, thereby attracting attention as an environ-
ment-friendly vehicle.

The fuel cell vehicle controls charging/discharging of a
battery based on a momentary driving situation for improve-
ment of fuel efficiency.

However, the current fuel cell vehicle fails to optimally
control power by reflecting a state of charge (SOC) of the
battery and a driving path.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the disclosure, and therefore may contain informa-
tion that does not form the prior art that is already known to a
person of ordinary skill in the art.

SUMMARY

The present disclosure provides a method and a system for
controlling power of a fuel cell vehicle to efficiently control
power by dividing an expected driving path of a vehicle into
a plurality of sections according to a gradient and setting the
divided sections as a battery charging/discharging prohibition
section and a battery charging/discharging allowance section
in advance.

A method of controlling charging/discharging of a fuel cell
vehicle according to an exemplary embodiment of the present
invention includes: dividing an expected driving path ofa fuel
cell vehicle into a plurality of sections and setting the plurality
of sections according to a gradient; comparing whether a
predicted battery state of charge variation is within a battery
charging/discharging allowance range for each of the plural-
ity of divided sections; comparing predicted power with pre-
determined maximum allowance power for each of the plu-
rality of divided sections; and setting the plurality of divided
sections as a battery charging/discharging prohibition section
and a battery charging/discharging allowance section in
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2

advance according to a result of the comparison of the pre-
dicted battery state of charge variation and the predicted
power.

The setting of the plurality of divided sections as the bat-
tery charging/discharging prohibition section and the battery
charging/discharging allowance section in advance may
include setting the plurality of divided sections as the battery
charging/discharging prohibition section when the predicted
battery state of charge variation is out of the battery charging/
discharging allowance range.

The battery charging/discharging allowance range may be
set by the equation below.

SOC,15=SOC 61rren=ASOC pyreicicd=SOCrnan=S OC i

rent

Herein, SOC,,,, is minimum battery state of charge,
SOC,,,, 1s maximum battery state of charge, and SOC
current battery state of charge.

The comparing of the predicted power with the predeter-
mined maximum allowance power may be performed when
the predicted battery state of charge variation is within the
battery charging/discharging allowance range.

The setting of the plurality of divided sections as the bat-
tery charging/discharging prohibition section and the battery
charging/discharging allowance section in advance may
include: setting the plurality of sections as the battery charg-
ing/discharging prohibition section when the predicted power
is larger than the predetermined maximum allowance power;
and setting the plurality of sections as the battery charging/
discharging allowance section when the predicted power is
smaller than the predetermined maximum allowance power.

The dividing of the expected driving path of the fuel cell
vehicle into the plurality of sections and the setting of the
plurality of sections according to the gradient may include:
searching for the expected driving path based on a current
position and a received destination of the fuel cell vehicle; and
dividing the searched expected driving path into a plurality of
sections and setting the plurality of sections according to a
gradient.

A system for controlling power of a fuel cell vehicle
according to another exemplary embodiment of the present
invention includes: a navigator providing information on a
driving path of the fuel cell vehicle; a battery; a fuel cell which
triggers oxidation-reduction reaction of oxygen supplied
from an air supplier and hydrogen supplied from a hydrogen
tank to generate electrical energy; a motor driven by current
applied from an inverter; and a power controller operated by
a program set to control the battery, the fuel cell, and the
motor based on information input through the navigator.

currentls

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a power control
system of a fuel cell vehicle according to an exemplary
embodiment of the present invention.

FIG. 2 is a flowchart of a power control method of the fuel
cell vehicle according to the exemplary embodiment of the
present invention.

FIG. 3 is a graph illustrating a battery charging/discharging
allowance section according to the exemplary embodiment of
the present invention.

FIG. 4 is a graph illustrating a battery charging/discharging
prohibition section according to the exemplary embodiment
of the present invention.
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FIG. 5 is a graph illustrating an expected driving path
divided into a plurality of sections according to a gradient
according to the exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Hereinafter, the present disclosure will be made more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments are shown. As those skilled in
the art would realize, the described embodiments may be
modified in various different ways, without departing from
the spirit or scope of the present disclosure.

Throughout the specification, unless explicitly described
to the contrary, the word “comprise” and variations such as
“comprises” or “comprising,” will be understood to imply the
inclusion of stated elements but not the exclusion of any other
elements.

FIG. 1 is a block diagram illustrating a power control
system of a fuel cell vehicle according to an exemplary
embodiment of the present invention.

Referring to FIG. 1, a power control system of a fuel cell
vehicle includes a battery 10, a fuel cell 20 for triggering
oxidation-reduction reaction of oxygen and hydrogen and
generating electrical energy, an air supplier 30 for supplying
oxygen to the fuel cell, and a hydrogen tank 40 for supply
hydrogen to the fuel cell. An outlet 50 discharges water gen-
erated in the fuel cell, an inverter 60 converts direct current to
alternating current, and a motor 70 is driven by current
applied from the inverter. A power controller (PCU) 100
divides an expected driving path of the vehicle into a plurality
of'sections according to a gradient to set the divided sections
as a battery charging/discharging prohibition section and a
battery charging/discharging allowance section in advance.
The power controller further controls the battery 10, the fuel
cell 20, and the motor 70, and a navigator 200.

The navigator 200 includes an input receiver 210 for
receiving an input of a user, a GPS receiver 220 for receiving
GPS position information from a plurality of satellites, a
geographical information database 230 which is a storage
space for road information, building information, and the
like, and a navigation controller 240.

The navigation controller 240 generates information on a
driving path of the fuel cell vehicle based on the information
input from the input receiver 210, the GPS receiver 220, and
the geographical information database 230 and provides the
generated information to the power controller 100.

The power controller 100 is one or more microprocessors
operated by a predetermined program or a hardware includ-
ing the microprocessor. The predetermined program is com-
prised of a series of commands for performing a power con-
trol method of the fuel cell vehicle as described hereinafter.

In the exemplary embodiment of the present invention, the
power controller 100 may include the navigation controller
240.

FIG. 2 is a flowchart of a power control method of the fuel
cell vehicle according to the exemplary embodiment of the
present invention.

Referring to FIG. 2, the input receiver 210 first receives an
input of a destination from a user (S100). Then, the navigation
controller 240 recognizes a current position of the fuel cell
vehicle, and searches for an expected driving path based on
the input destination (S110).

The power controller 100 divides the searched predicted
driving path into a plurality of sections according to gradient
set to the plurality of sections (S120).
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The power controller 100 calculates a predicted battery
SOC variation ASOC,,, ... for each of the plurality of
divided sections (S130).

The predicted battery SOC variation ASOC,,, ;.. 15 cal-
culated by Equation 1 below based on a battery internal
resistance model (equivalent circuit model). Here, B, .0/
(mgAh), Q,, V., and SOC,_,, sequentially indicate potential
energy, capacity of the battery 10, voltage of an open circuit of
the battery 10, and a predetermined battery SOC.

Epotential mgAh
QoVoc(S0Cse)  QoVoc(SOCse)

Equation 1

ASOCpredicted =

The battery SOC is set to be within a battery chargeable/
dischargeable range considering efficiency and durability of
the battery 10 by Equation 2 below.

SOC,,:,=SOC=S0C,, .. Equation 2

By Equation 3 below, the battery charging/discharging
allowance range may be set based on the current battery state
of charge SOC

SOC,1,=SOC 11 SASOC o SSOC
SOC,

current®

Equation 3

current

Step S130 determines whether to set a battery charging/
discharging prohibition section L1 by comparing whether the
predicted battery state of charge variation ASOC,,,, ..; 18
within the set battery charging/discharging allowance range
(S140).

If the predicted battery state of charge variation
ASOCs,,, jicseq 18 out of the set battery charging/discharging
allowance range, the power controller 100 sets the plurality of
section as the battery charging/discharging prohibition sec-
tion L1 (8150). When the predicted battery state of charge
variation ASOC,,, ... 18 Within the battery charging/dis-
charging allowance range, the power controller 100 deter-
mines whether the section is a battery charging/discharging
allowance section [.2 again.

The power controller 100 calculates predicted power
Ppwiicreq fOr €ach of the plurality of divided sections (S160).

The predicted power Py, ;...s 18 calculated by Equation 4
below. Here, F 05 V.gvg, M, g, and 6 sequentially indicate
power necessary for overcoming gradient resistance, an aver-
age speed, a mass of the vehicle, acceleration of gravity, and
a gradient of a road.

Ppregicied™F ClimpVavg=M'gSIN OV 1,0 Equation 4

After step S160 is completed, the power controller 100
determines whether to set the battery charging/discharging
prohibition section L1 and the battery charging/discharging
allowance section L.2 in advance by comparing the predicted
power Py, so0q With predetermined maximum allowance
power P, (5170).

When the predicted power Pp,. .. 18 larger than prede-
termined maximum allowance power P, ., the power con-
troller 100 sets the section as the battery charging/discharging
prohibition section L1 (S150).

When the predicted power Py, ;... 15 smaller than prede-
termined maximum allowance power P, ., the power con-
troller 100 sets the section as the battery charging/discharging
allowance section [.2 (S180).

Hereinafter, the method of controlling charging/discharg-
ing of the fuel cell vehicle will be described in more detail.

FIG. 3 is a graph illustrating the battery charging/discharg-
ing allowance section according to an exemplary embodi-
ment of the present invention.



US 9,238,418 B2

5

Referring to FIG. 3, sectional and section b1 correspond to
a case where the predicted battery SOC variation
ASOCs,, . jicreq 18 Within the battery charging/discharging
allowance range (S140). The predicted power Py, i seq 18
smaller than the predetermined maximum allowance power
P,... (S170), so that power controller 100 sets the section as
the battery charging/discharging allowance section [.2
(S180).

The power controller 100 may charge the battery in section
al before driving an uphill road (section a2). Similarly, the
power controller 100 may discharge the battery in section b1l
before driving a downhill road (section b2).

FIG. 4 is a graph illustrating the battery charging/discharg-
ing prohibition section according to an exemplary embodi-
ment of the present invention.

Referring to FIG. 4, section a3 and section b3 correspond to
a case where the predicted battery SOC variation
ASOCs,, . jicreq 18 Within the battery charging/discharging
allowance range (S140). However the predicted power
Py, edicrea 15 larger than the predetermined maximum allow-
ance power P, . (S170), so that the power controller 100 sets
the section as the battery charging/discharging prohibition
section L1 (S150).

For example, if section a3, which is a steep uphill section,
is set as the battery charging/discharging allowance section
L2, the battery 10 requires large discharging current, thereby
decreasing efficiency and a lifespan of the battery 10. If
section b3, which is a steep downhill section, is set as the
battery charging/discharging allowance section 1.2, the bat-
tery 10 may fail to be additionally charged due to an increase
in the number of times of braking.

Accordingly, section a3 and section b3 are set as the battery
charging/discharging prohibition section L1, so that the
charging/discharging of the fuel cell vehicle is efficiently
controlled.

FIG. 5 is a graph illustrating an expected driving path
divided into a plurality of sections according to a gradient
according to the exemplary embodiment of the present inven-
tion.

Referring to FIG. 5, the power controller 100 divides an
expected driving path of the fuel cell vehicle into 8 sections
according to a gradient and sets the divided 8 sections as the
battery charging/discharging prohibition section L1 and the
battery charging/discharging allowance section [.2.

Section ¢2 in which an uphill road continues and section c8
in which a downhill section continues correspond to a case
where the predicted battery state of charge variation
ASOC,,, jicreq 18 out of the battery charging/discharging
allowance range. Accordingly, before entering section ¢2 and
c8, the battery 10 needs to be charged/discharged by setting
the battery charging/discharging allowance section [.2.

Section c4 is a steep downhill section, and section c6 is a
steep uphill section. Sections ¢4 and ¢6 correspond to a case
where the predicted power Py, ....; 1 larger than the maxi-
mum allowance power P, ., and the sections are set as the
battery charging/discharging prohibition section L 1.

The power controller 100 may charge the battery 10 by an
amount to be discharged in section c2 by setting sectionc1 as
the battery charging/discharging allowance section [.2. Simi-
larly, the power controller 100 may discharge the battery 10
by an amount to be charged in section c8 by setting section c3,
section ¢5 and set the section ¢7 as the battery charging/
discharging allowance section [.2.

As described above, the expected driving path of the
vehicle into the plurality of sections can be divided according
to the gradient, and the sections can be set as the battery
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6

charging/discharging prohibition section .1 and the battery
charging/discharging allowance section .2 in advance.

Further, efficiency of the battery and lifespan of the battery
can be improved by setting the battery charging/discharging
prohibition section L1 and the battery charging/discharging
allowance section [.2 in advance.

As efficiency of the battery is improved, fuel efficiency of
the fuel cell vehicle is improved.

While the disclosure has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:
1. A method of controlling power of a fuel cell vehicle,
comprising:

dividing an expected driving path of the fuel cell vehicle
into a plurality of sections and setting the plurality of
sections according to a gradient;

comparing whether a predicted battery state of charge
variation is within a battery charging or discharging
allowance range for each of the plurality of divided
sections;

obtaining a predicted power using vehicle based informa-
tion;

comparing the predicted power with maximum allowance
power for each of the plurality of divided sections; and

setting the plurality of divided sections as a battery charg-
ing or discharging prohibition section and a battery
charging or discharging allowance section in advance
according to a result of the comparison of the predicted
battery state of charge variation and the predicted power.

2. The method of claim 1, wherein:

the setting of the plurality of divided sections as the battery
charging or discharging prohibition section and the bat-
tery charging or discharging allowance section in
advance includes:

setting the plurality of divided sections as the battery
charging or discharging prohibition section when the
predicted battery state of charge variation is out of the
battery charging or discharging allowance range.

3. The method of claim 2, wherein:

the battery charging or discharging allowance range is set
by an equation below, and

SOC,115=SOC 61yren=ASOC preicread=SOC =
SOC

current

wherein, a SOC,,,,, is a minimum battery state of charge, a
SOC,,,. 1s a maximum battery state of charge, and a
SOC.,,...,. 1s a current battery state of charge.

4. The method of claim 2, wherein:

the comparing of the predicted power with the maximum
allowance power is performed when the predicted bat-
tery state of charge variation is within the battery charg-
ing or discharging allowance range.

5. The method of claim 4, wherein:

the setting of the plurality of divided sections as the battery
charging or discharging prohibition section and the bat-
tery charging or discharging allowance section in
advance includes:

setting the plurality of sections as the battery charging or
discharging prohibition section when the predicted
power is larger than the maximum allowance power; and
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setting the plurality of sections as the battery charging or
discharging allowance section when the predicted power
is smaller than the maximum allowance power.

6. The method of claim 1, wherein:

the dividing of the expected driving path of the fuel cell 5
vehicle into the plurality of sections and the setting of the
plurality of sections according to the gradient includes:

searching for the expected driving path based on a current
position and a received destination of the fuel cell
vehicle; and 10

dividing the searched expected driving path into a plurality
of'sections and setting the plurality of sections according
to a gradient.
7. A system for controlling power of a fuel cell vehicle,
comprising: 15

a navigator configured to provide information on a driving
path of the fuel cell vehicle;

a battery;

a fuel cell which triggers oxidation-reduction reaction of
oxygen supplied from an air supplier and hydrogen sup- 20
plied from a hydrogen tank to generate electrical energy;

a motor driven by current applied from an inverter; and

apower controller operated by a program set to control the
battery, the fuel cell, and the motor based on information
input through the navigation system, 25

wherein the predetermined program includes a series of
commands for performing the method of any one of
claims 1 to 6.



